Supplementary
). The ptygmatic deformation and brittle fracture of MT structures suggest that MT structures were coherent or rigid upon sediment compaction and thus microspar precipitation must have predated cementation of host sediments.
The argillaceous host rock contains abundant siliciclastic materials (with an average of 33.1 wt.%, n=17, Supplementary Table 5) , dominated by detrital quartz (green arrow in Supplementary   Fig. 3h ) and clay minerals. Host rock also contains substantial amount of pyrites (with an average of 0.42 wt.% in bulk sample, Supplementary Table 5 ). The calcareous component of the host rock includes micritic calcite and dolomite. The euhedral dolomite crystals within host rock are normally less than 100 μm in size, and the crystal margins are eroded due to dissolution (yellow arrow in Supplementary Fig. 3h ). The abundant inclusions and engulfment of micrite within rhombic dolomite crystals (black arrows in Supplementary Fig. 3g, h 
In Eq. S-4, DSM3 denotes the standard for Mg isotopes 19 . At WSI, seawater Mg isotopic composition can be calculated as:
The amount of Mg being transferred into dolomite ( ) can be calculated as follows:
(S-6) Dolomite content can be calculated from Mdol by assuming carbonate rocks with the density of 2.5 g/cm 3 . Dolomite content is set to be between 10 wt.% and wt.25% according to measured Mg/Ca ratio (Fig. 1a) [Mg]0 in the Ediacaran seawater is estimated to be 100 mM 21 . The absolute value of the rate constant for dolomitization is unconstrained. Accordingly, we treat RMg as a tunable parameter in our model. Fractionation for dolomite formation is also temperature dependent. Based on Li, et al. 18 , is 2.0‰ and 1.8‰ at 5°C and 25°C, respectively.
For the MTC of the Wanlong Formation, host rock contains 10-25 wt.% of dolomite. Our calculation shows that even 10 wt.% of dolomitization means that porewater Mg isotopic values would evolve to ~1.2‰, about 2‰ higher than the presumed seawater value of -0.8‰
( Supplementary Fig. 7 ).
Supplementary note 4: Carbon isotope systematics of MT microspar
To generate cracks in sediments by gas expansion, the gas pressure must be equal to or greater than the hydrostatic pressure 22 , which is a function of water depth and sediment loading.
Assuming the crack formation at a very shallow depth just below the water-sediment interface, sediment loading is negligible and the hydrostatic pressure is a function of water depth h. For an ideal gas, gas pressure (P), volume (V), and temperature (T) follow the Ideal Gas Law:
where n is the amount of gas (in moles), and R is the ideal gas constant. At constant temperature is assumed to be 1‰ (i.e., carbon isotope composition of host rock).
can be calculated from equations 3 and 4. Namely, assuming for and ( ) at -30‰, and fractionation during methanogenesis at -60‰ 
